Energies and lifetimes are reported for the lowest 136 levels of Fe XIV, belonging to the (1s 2 2s 2 2p 6 ) 3s 2 3p, 3s3p 2 , 3s 2 3d, 3p 3 , 3s3p3d, 3p 2 3d, 3s3d 2 , 3p3d 2 and 3s 2 4 configurations. Additionally, radiative rates, oscillator strengths and line strengths are calculated for all electric dipole (E1), magnetic dipole (M1), electric quadrupole (E2) and magnetic quadrupole (M2) transitions. Theoretical lifetimes determined from these radiative rates for most levels show satisfactory agreement with earlier calculations, as well as with measurements. Electron impact excitation collision strengths are also calculated with the Dirac atomic R-matrix code (DARC) over a wide energy range up to 260 Ryd. Furthermore, resonances have been resolved in a fine energy mesh to determine effective collision strengths, obtained after integrating the collision strengths over a Maxwellian distribution of electron velocities. Results are listed for all 9180 transitions among the 136 levels over a wide range of electron temperatures, up to 10 7.1 K. Comparisons are made with available results in the literature, and the accuracy of the present data is assessed.
INTRODUCTION
Iron is an abundant element in solar and other astrophysical plasmas, and its emission lines are detected in all ionization stages. To analyse the vast amount of observational data available from space missions such as SOHO, Chandra, XMM-Newton and Hinode, theoretical atomic data for Fe ions are required, as there generally is paucity of experimental results.
Emission lines of Fe XIV have been widely observed in a variety of solar and other astrophysical plasmas, and over a wide wavelength range from the optical to extreme ultra-violet -see, for example, Jupén et al. (1993) , Thomas & Neupert (1994) , Lamzin et al. (2001) and Brown et al. (2008) . The strongest observed solar forbidden transition is from the coronal green line (3s 2 3p) 2 P o 1/2 -2 P o 3/2 at a wavelength of 5303Å. This emission line has been widely used for the study of the electron density distribution in the solar corona (Fisher 1978) as well as for coronal oscillations in connection with coronal heating and energy transport (Dermendjiev et al. 1992 ). Many of the Fe XIV line pairs are density and/or temperature sensitive, and hence provide useful information about physical conditions of the plasmas (see for E-mail: K.Aggarwal@qub.ac.uk(KMA); F.Keenan@qub.ac.uk (FPK) example, Bhatia et al. (1994) , Brosius et al. (1998) and references therein) . However, to reliably analyse observations, atomic data are required for many parameters, including energy levels, radiative rates (A-values) and excitation rates. Since experimental data are generally not available, except for energy levels, theoretical results are required.
Considering the importance of Fe XIV, particularly as a solar plasma diagnostic, many calculations have been performed in the past, particularly for energy levels and Avalues, such as those by Huang (1989) , Storey, Mason & Saraph (1996) , Storey, Mason & Young (2000) , Safronova et al. (2002) , Gupta & Msezane (2001 , Froese-Fischer, Tachiev & Irimia (2006) , Dong et al. (2006) and Wei et al. (2008) . However, most of these calculations are confined to transitions among the lowest 40 levels of the n = 3 configurations, although Gupta & Msezane and Wei et al. have also included some levels of the n = 4 configurations. Similarly, Tayal (2008) has published energy levels, radiative rates and effective collision strengths for some transitions among the lowest 59 levels of the (1s 2 2s 2 2p 6 ) 3s 2 3p, 3s3p 2 , 3s 2 3d, 3p 3 , 3s3p3d and 3p 2 3d configurations of Fe XIV. However, in a more recent paper, Liang et al. (2010) have reported A-values for a larger number of transitions among 197 levels of Fe XIV. Nevertheless, most of these workers have reported Avalues for the electric dipole (E1) transitions alone, whereas in the modelling of plasmas the corresponding results are also required for other types of transitions, namely electric quadrupole (E2), magnetic dipole (M1) and magnetic quadrupole (M2). Therefore, the aim of the present work is to extend the earlier available calculations, and to report a complete set of results for all transitions, which can be confidently applied in plasma modelling.
Corresponding calculations for electron impact excitation of Fe XIV are comparatively fewer, and the most notable ones are those by Dufton & Kingston (1991) , Storey et al. (1996 Storey et al. ( , 2000 , Tayal (2008) and Liang et al. (2010) . Most of the earlier calculations for collision strengths (Ω), or more appropriately effective collision strengths (Υ), provided conflicting estimates for the physical parameters of the plasmas -see, for example, Ferguson et al. (1997) . Similarly, there was a large scatter between the ratios of observed and predicted intensities for many emission lines of Fe XIV, which varied between 0.23 and 6.20, as discussed and demonstrated by Brickhouse, Raymond & Smith (1995) . Some of the discrepancies noted by Brickhouse et al. and Young, Landi & Thomas (1998) were later resolved by Storey et al. (2000) , who also performed a large collisional calculation among the lowest 40 levels of the 3s 2 3p, 3s3p 2 , 3s 2 3d, 3p 3 and 3s3p3d configurations. For the determination of energy levels and radiative rates, they adopted the SuperStructure (SS) code of Eissner, Jones & Nussbaumer (1974) , and for the scattering process the R-matrix code of Berrington et al. (1978) was used. The calculations were basically performed in the LS coupling (Russell-Saunders or spin-orbit coupling), but mass and Darwin relativistic energy shifts were included through the term coupling coefficients while transforming the LS coupling reactance matrices to the intermediate coupling scheme. They calculated values of Ω up to an energy of 100 Ryd, and resolved resonances in a fine energy mesh in the thresholds region. Furthermore, they reported values of effective collision strengths (Υ) over a wide range of electron temperatures up to 10 7.2 K, but only for transitions from the lowest two levels to the excited levels of the 3s3p 2 and 3s 2 3d configurations. Therefore, their results are too limited for a full and complete application to plasma modelling. In addition, their range of partial waves (L 18) is generally insufficient to obtain converged values of Ω, although they included the contribution of higher neglected partial waves through a top-up. Similarly, the energy range of their calculations is insufficient to provide converged values of Υ up Te = 10 7.2 K, although it may not affect the limited set of transitions for which they reported results.
The limitations of Storey et al. (2000) calculations were addressed by Tayal (2008) , who included 135 levels of the 3s 2 3p, 3s3p 2 , 3s 2 3d, 3p 3 , 3s3p3d, 3p 2 3d, 3s3d 2 , 3p3d 2 , 3s 2 4s, 3s 2 4p and 3s 2 4d configurations. For the calculation of energy levels and the A-values, he adopted the multi-configuration Hartree-Fock (MCHF) codes of Froese-Fischer (1991) and Zatsarinny & Froese-Fischer (1999) , while for the scattering process the semi-relativistic R-matrix code of Berrington, Eissner & Norrington (1995) was used. Furthermore, he calculated values of Ω up to an energy of 150 Ryd, although the range of partial waves adopted (J 25) is insufficient at higher energies, for the convergence of the allowed and some of the forbidden transitions. However, he included the contribution of higher neglected partial waves through a top-up, as also undertaken by Storey et 3 , 3s3p3d, 3p 2 3d, 3s3d 2 , 3p3d 2 , 3s 2 4 , 3s3p4s, 3s3p4p and 3s3p4d configurations, but also reported results of Υ for all transitions among these levels. To determine the atomic structure they adopted the AutoStructure (AS) code of Badnell (1997) , and for collisional data the R-matrix code of Berrington et al. (1995) . Similar to the calculations of Storey et al. (2000) , their Ω were primarily generated in LS coupling and corresponding results for fine-structure transitions obtained through their intermediate coupling frame transformation (ICFT) method. However, they included a larger range of partial waves (up to J = 41), resolved resonances in a fine mesh of energy (∼ 0.0017 Ryd), and reported values of Υ up to a very high temperature of ∼ 4 × 10 8 K. Nevertheless, they left some scope for improvement. For example, they included electron exchange only up to J = 12, and for J 13 adopted a coarse mesh of energy of ∼ 0.34 Ryd. More importantly, they performed calculations of Ω in a limited range of energy (∼ 90 Ryd), insufficient for the accurate determination of Υ up to Te = 4 × 10 8 K (∼ 2533 Ryd), although they did take into account the high energy expansion of Ω, based on the formulations suggested by Burgess & Tully (1992) . Such compromises in the calculations may explain the large discrepancies in Υ noted by them with previous work. For a large number of transitions and at all temperatures, the Liang et al. (2010) results are significantly higher than those of Storey et al. (2000) and Tayal (2008) -see their fig. 4 . Given the importance of Fe XIV in astrophysics, we have therefore performed yet another calculation using a completely different approach.
For the generation of wavefunctions we have adopted the GRASP (general-purpose relativistic atomic structure package) code, originally developed by Grant et al. (1980) but revised by Dr. P. H. Norrington. It is a fully relativistic code, based on the jj coupling scheme, available at the website http://web.am.qub.ac.uk/DARC/, and has been successfully applied by us (and other workers) to a wide range of ions. Further relativistic corrections arising from the Breit interaction and QED effects have also been included. Additionally, we have used the option of extended average level (EAL), in which a weighted (proportional to 2j+1) trace of the Hamiltonian matrix is minimized. This produces a compromise set of orbitals describing closely lying states with moderate accuracy. For the scattering calculations, the Dirac atomic R-matrix code (DARC) of P. H. Norrington and I. P. Grant has been adopted. This is a relativistic version of the standard R-matrix code, is based on the jj coupling scheme, and hence includes fine-stucture in the definition of channel coupling. Subsequently, the size of the Hamiltonian matrix increases in a calculation, but it (generally) leads to higher accuracy (for Ω and subsequently 2 D 3/2 9.44965 9.57682 9.56272 9.51950 9.48529 9.49919 1.899-11 57 3p 2 ( 3 P)3d
4 P 5/2 9.51938 9.65260 9.63568 9.59352 9.55827 9.57017 1.544-11 58 3p 2 ( 3 P)3d
4 P 1/2 9.51534 9.65716 9.64323 9.59977 9.55699 9.56728 1.298-11 Liang et al. (2010) from the as code Υ), especially for transitions among the fine-structure levels of a state, because resonances through the energies of degenerating levels are also taken into account. Since degeneracy among some of the levels is significant, see for example the 3s3p( 3 P)3d 4 F o 3/2,5/2,7/2,9/2 levels in Table 1, the use of this code, we believe, is more appropriate. It is unpublished but is freely available at the website http://web.am.qub.ac.uk/DARC/, and has been successfully applied by us and other users to a wide range of ions.
ENERGY LEVELS
The (1s 2 2s 2 2p 6 ) 3s 2 3p, 3s3p 2 , 3s 2 3d, 3p 3 , 3s3p3d, 3p 2 3d, 3s3d 2 , 3p3d 2 and 3s 2 4 configurations of Fe XIV give rise to the lowest 136 levels listed in Table 1 , where we compare our energies with the experimental values compiled by the NIST (National Institute of Standards and Technology) team (Kramida et al. 2013 ), available at their website http://www.nist.gov/pml/data/asd.cfm. Energy levels obtained without (GRASP1a) and with (GRASP1b) the Breit and QED corrections are included in the Table. The inclusion of Breit and QED effects has (in general) lowered the energies by a maximum of 0.03 Ryd, i.e. 0.3%. Additionally, their inclusion has altered the orderings in a few instances, such as for levels 26/27, 58/59 and 106/107. The energy differences for these swapped levels are very small and we have retained the original orderings because subsequent tables for A-and Υ values follow these. However, the effect of these corrections is significant for the 3s 2 3p 2 P o 3/2 level (2), where the energy has become lower by 0.00461 Ryd, i.e. 2.6%. As a result, there is now a better match for this level with the experimental energy of NIST. For a majority of levels, there is good agreement between our calculations and the experimental values, both in magnitude and orderings. Differences, if any, are within 0.3 Ryd -see levels 37-40 or 78-81. Similarly, there are some minor differences in the level orderings, but the most notable is level 18 (3p 3 2 P o 1/2 ). The differences between our energy levels from GRASP and those of Tayal (2008) are up to 0.3 Ryd (1.5%) for a few levels, such as 82-84 and 126-132. Furthermore, the level orderings of Tayal do not match in a few cases with our calculations or the experimental results -see, for example, levels 38/39. More importantly, his energy for level 2 (3s 2 3p 2 P o 3/2 ) is lower than the experimental or any other theoretical value listed in Table 1 , by up to 5%. This is in spite of the fact that he adopted non-orthogonal orbitals and hence optimised each state separately and independently, a procedure that generally yields better agreement between theory and measurement. However, we note here that although this level is very important as stated in section 1, a difference of 5% is not uncommon among Fe XIV calculations -see, for example, table 4 of Wei et al. (2008) . Our calculated energies are based only on spectroscopic levels, but can be improved with additional CI or the inclusion of pseudo-orbitals. However, this is not possible bearing in mind our further calculations for other important parameters, particularly the collision strengths. For this reason, the accuracy of the energy levels (wave functions) included in the collisional calculation by Tayal is lower by ∼1% than those listed in Table 1, because he deleted all those configurations with coefficients less than 0.02 in magnitude. Liang et al. (2010) adopted the AutoStructure (AS) code of Badnell (1997) to calculate energies for 197 levels of Fe XIV. The 61 levels in addition to our calculation have arisen from the 3d 3 and 3s3p4s/4p/4d configurations. In fact, these four configurations give rise to 67 levels, but they omitted 6 from 3s3p4d. However, to improve the accuracy they included further CI with additional 77 configurations, namely 3s3p4f, 3p 2 4 , 3p3d4 , 3d 2 4 , 3 4 4 and 3 3 5 . As a result, their calculated energies are expected to be more accurate and are included in Table 1 level (2) is lower than the experimental value by ∼3%, only slightly improving over the Tayal (2008) result. Nevertheless, differences with our calculated (GRASP1b) energies are up to 0.2 Ryd for some of the levels, such as 3s 2 4p 2 P o 1/2,3/2 , as noted above.
To assess the effect of additional CI, we have also performed a larger calculation (GRASP2) with 332 levels, which arise from the 3s 2 3p, 3s3p 2 , 3s 2 3d, 3p 3 , 3s3p3d, 3p 2 3d, 3s3d 2 , 3p3d 2 , 3d 3 , 3s 2 4 , 3s3p4 , 3s 2 5 and 3s3p5 configurations. Almost all the additional 196 levels of the 3d 3 , 3s3p4 , 3s 2 5 and 3s3p5 configurations yield energies above those of the 136 included in GRASP1 and listed in Table 1 . Hence their inclusion in a collisional calculation may improve the accuracy of Υ, because of the additional resonances arising from these levels, but the effect on the energies of lower levels will not be significant, because there is no intermixing among the levels. This is confirmed by the comparison shown in Table 1 as most of the levels agree within 0.05 Ryd and the orderings are also nearly the same. However, for some of the levels the differences between the GRASP1 and GRASP2 energies are up to 0.15 Ryd -see for example, levels 74/75, 83/84 and 125/127. In some cases the energies obtained in GRASP2 have become better (i.e. are closer to those of NIST) but are worse for others, such as 125/127, i.e. 3s 2 4p 2 P o 1/2,3/2 . Therefore, there is no overall advantage of extensive CI for the determination of energy levels for Fe XIV. Finally, based on the comparisons shown in Table 1 and discussed henceforth we may conclude that our calculated energy levels are accurate to about 1%.
RADIATIVE RATES
The absorption oscillator strength (fij) and radiative rate Aji (in s −1 ) for a transition i → j are related by the following expression:
where m and e are the electron mass and charge, respectively, c is the velocity of light, λji is the transition energy/wavelength inÅ, and ωi and ωj are the statistical weights of the lower (i) and upper (j) levels, respectively. Similarly, the oscillator strength fij (dimensionless) and the line strength S (in atomic unit) are related by the standard equations listed below. 
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for the magnetic dipole (M1) transitions In Table 2 we present transition energies/wavelengths (λ, in A), radiative rates (Aji, in s −1 ), oscillator strengths (fij, dimensionless), and line strengths (S, in a.u.), in length form only, for all 2733 electric dipole (E1) transitions among the 136 levels of Fe XIV. The indices used to represent the lower and upper levels of a transition have already been defined in Table 1 . Similarly, there are 3776 E2, 2791 M1 and 3643 M2 transitions among the 136 levels. However, only their A-values are listed in Table 2 , as this is the quantity required for plasma modelling. The corresponding results for f-and S-values can be easily obtained through the above equations. Furthermore, the S-values have been calculated in both Babushkin and Coulomb gauges, i.e. the length and velocity forms in the widely used non-relativistic nomenclature, but in Table 2 results are listed in the length form alone, because these are generally considered to be comparatively more accurate. Nevertheless, we will discuss later the velocity/length form ratio, as this provides some assessment of the accuracy of the results.
In Table 3 we compare our A-values for some of the E1 transitions, mainly among the lowest 15 levels, from GRASP1 with those of Tayal (2008) and Liang et al. (2010) from the MCHF and AS codes, respectively. Also included in the table are the f-values from our GRASP1 calculations because they are indicative of the strength of a transition. As already stated in section 1, Tayal has not reported Avalues for all transitions, but for the ones in common there are no discrepancies with the corresponding results from our calculations. Similarly, our GRASP1 A-values agree within ∼ 10% with those of Liang et al. for almost all transitions, the only exceptions being a few weak transitions, such as 8-15 (f ∼ 10 −5 ) and 12-15 (f ∼ 10 −6 ). This is because weak(er) transitions are more sensitive to mixing coefficients, and hence differing amount of CI (and methods) often produce different f-values, as discussed in detail by Hibbert (2000) . However, in general, the f-values for weak(er) transitions are less important in comparison to stronger ones with f 0.01, although their inclusion may still be required in modelling applications.
As in the case of the energy levels, the effect of additional CI on the f-(or A-) values is insignificant for a majority of the transitions. This is further confirmed by the Avalues from our larger GRASP2 calculations with 332 levels, also listed in Table 3 . Therefore, the inclusion of CI is important, but only up to a certain extent, mainly when the levels closely interact among themselves, as also discussed earlier by Aggarwal et al. (2007) for three Mg-like ions. Another useful criterion to assess the accuracy of radiative rates is the ratio (R) of the velocity and length forms of the Svalues, included in Table 3 . However, such comparisons are only desirable, and are not a fully sufficient test to assess accuracy, as different calculations (or combinations of configurations) may give comparable f-values in the two forms, but entirely different results in magnitude. Generally, the two forms agree satisfactorily for strong transitions, but differences can sometimes be substantial even for some very strong transitions, as demonstrated through various examples by Aggarwal et al. (2007) . Nevertheless, R is within 0.2 of unity for most (comparatively strong) transitions, and significant departures are for only the weaker ones, such as the last 6 listed in Table 3 . Considering all 2733 E1 transitions, R is within 0.2 of unity for most transitions with f 0.01, but for 70 (∼2.5%) R is up to a factor of 2. For 38 (∼ 1%) weaker transitions, R is over 1000 and examples include 7-92 (f ∼ 10 −10 ) and 77-111 (f ∼ 10 −11 ). In conclusion, we may confidently state that for a majority of the strong E1 transitions, our radiative rates are accurate to better than 20%. However, for the weaker transitions this assessment of accuracy does not apply. 
LIFETIMES
The lifetime τ for a level j is defined as follows:
Since this is a measurable parameter, it provides a check on the accuracy of the calculations. Therefore, in Table 1 we have listed our calculated lifetimes, which include the contributions from four types of transitions, i.e. E1, E2, M1 and M2.
In Table 4 we compare our lifetimes with the theoretical results of Gupta & Msezane (2005) Träbert et al. (1988) f: Pinnington et al. (1990) , the first entry is for Free M-E Fit, the second for Constrained M-E Fit, the 3rd for VNET, and the 4th for ANDC g: Träbert et al. (1993) (1999), Beiersdorfer, Träbert & Pinnington (2003) , Smith, Chutjian & Lozano (2005) and Brenner et al. (2007) . In general, there are no discrepancies between the two calculations from GRASP and CIV3, or between theory and measurement. However, the differences for the 3s3p( 3 P)3d 4 F o 3/2 level (16) are particularly large. Our lifetime (2.90 ns) and that (2.11 ns) calculated by Träbert et al. (1993) are consistent, and comparable to the measured value (1.5 ns). However, the calculated lifetimes by Gupta & Msezane (2005) and Froese-Fischer et al. (2006) , although agreeing with each other, are lower by up to a factor of 6. In fact, the ab initio calculation of Gupta & Msezane (2001) gives the lifetime of this level as 1.94 ns, but the use of their adjusted energies and subsequently the A-values lowers this value drastically.
COLLISION STRENGTHS
The R-matrix radius adopted for Fe XIV is 4.44 au, and 30 continuum orbitals have been included for each channel angular momentum in the expansion of the wave function. This large expansion is computationally more demanding as the corresponding size of the Hamiltonian matrix is 21,970. However, it permits us (without any loss of accuracy) to compute Ω up to an energy of 260 Ryd, i.e. about 250 Ryd above the highest threshold of Fe XIV considered in the work. This large range of energy allows us to calculate values of effective collision strength Υ (see section 6) up to Te = 1.2 ×10 7 K, well above the temperature of maximum abundance in ionisation equilibrium, i.e. 2.0 ×10 6 K (Bryans, Landi & Savin 2009 ). The maximum number of channels for a partial wave is 728 and all partial waves with angular momentum J 40 are included. This large J range ensures convergence of Ω for all forbidden and intercombination transitions, and at all energies. However, for some allowed transitions, particularly at higher energies, Ω are not fully converged within this range. We have therefore included a top-up, based on the Coulomb-Bethe approximation of Burgess & Sheorey (1974) . Furthermore, we have included such contributions for forbidden transitions, based on geometric series, but these are small. Storey et al. (2000) have reported values of Ω for some transitions from the ground state (3s 2 3p 2 P o 1/2,3/2 ) to higher excited levels, at an energy of 30 Ryd, and in Table 5 we compare our results with theirs. For the transitions listed in this table, most agree within 10%, except 2-3/4/5 (i.e. 3s 2 3p 2 P o 3/2 -3s3p 2 4 P 1/2,3/2,5/2 ) where there are differences of up to a factor of 2. These are inter-combination transitions and are forbidden in the LS coupling in which the calculations were (primarily) performed by Storey et al. Since no other results for Ω are available for comparison purposes, in Table  6 we list our Ω for all resonance transitions and at 6 energies above thresholds. These results will facilitate future comparisons and hence assessments of the accuracy of our data. However, based on comparisons of our calculations for other ions, such as Al X (Aggarwal & Keenan 2014a) and Si II (Aggarwal & Keenan 2014b) , we assess the accuracy of our listed Ω to be better than 20% for most transitions of Fe XIV. (1-2) transition of Fe XIV.
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EFFECTIVE COLLISION STRENGTHS
As already shown by Tayal (2008) and Liang et al. (2010) , Ω does not vary smoothly within the thresholds region, especially for (semi) forbidden transitions. Such closed-channel (Feshbach) resonances need to be resolved in a fine energy mesh to accurately account for their contribution. In most astrophysical plasmas, electrons have a velocity distribution and therefore an averaged value, known as effective collision strength (Υ) is required. The most commonly used velocity distribution is Maxwellian, i.e.
where k is Boltzmann's constant, Te electron temperature in K, and Ej the electron energy with respect to the final (excited) state. Once the value of Υ is known the corresponding results for the excitation q(i,j) and de-excitation q(j,i) rates can be easily obtained from the following equations:
and q(j, i) = 8.63 × 10
where ωi and ωj are the statistical weights of the initial (i) and final (j) states, respectively, and Eij is the transition energy. The contribution of resonances may greatly enhance the values of Υ over those of the background collision strengths (ΩB), but this depends strongly on the type of transition, and particularly the temperature. In general, the lower the Te, the greater is the contribution of resonances.
However, values of Ω need to be calculated over a wide energy range (above thresholds) to obtain convergence of the integral in Eq. (7), as demonstrated in fig. 7 of Aggarwal & Keenan (2008) . For this reason we have calculated values of Ω up to an energy of 260 Ryd, as discussed in section 5 and hence in our work there is no need to invoke the high energy formulations of Burgess & Tully (1992) , as undertaken by Liang et al. (2010) .
To resolve resonances, we have calculated Ω in (most of) the thresholds region in a narrow energy mesh of 0.001 Ryd, although a mesh of 0.002 Ryd has also been used whenever the energy difference between any two thresholds is wider, such as levels 2 and 3. In total Ω have been calculated at over 10,500 energies, and in Figs. 1 -3 we show resonance structure for three transitions, namely 1 -2 (3s 2 3p 2 P o 1/2 -3s 2 3p 2 P o 3/2 ), 1 -4 (3s 2 3p 2 P o 1/2 -3s3p 2 4 P 3/2 ) and 1 -6 (3s 2 3p 2 P o 1/2 -3s3p 2 2 D 3/2 ), which are forbidden, intercombination and allowed, respectively. Similar resonances in these transitions are also apparent from the data of Storey et al. (1996) and Tayal (2008) -see figs. 1-3 of the latter. For the important 1-2 transition, the magnitude of the resonances shown by Storey et al. (1996) are higher by almost a factor of 2, and this has also been noted by Liang et al. (2010) -see their fig. 3 . As a consequence of this and some other factors, the Υ calculated by Storey et al. (1996) are significantly larger (by over a factor of 5), particularly towards the lower end of the temperature range, as demonstrated in fig. 4 of Tayal (2008) . Resonances in our calculations for this transition are closer in magnitude to those of Tayal (2008), but are comparatively greater in number. Similarly for the 1 -4 transition, the resonance structure in our calculations is denser but their magnitude is more comparable to that of Tayal (2008) than of Storey et al. (1996) . The density of resonances for the 1 -6 transition is even more apparent in our work than that of Tayal (2008) , although the peaks are narrow in width and hence may not make a significant contribution to Υ.
Our calculated values of Υ are listed in Table 7 over a wide temperature range up to log Te = 7.1 K, suitable for applications to a wide range of astrophysical plasmas. The inaccuracy of the Υ of Storey et al. (2000) has already been discussed and demonstrated by both Tayal (2008) and Liang et al. (2010) , and therefore we make no comparison with their results. However, before we discuss any comparisons with the calculations of Tayal, we note that this is not straightforward, because his energy levels, A-values and Υ in tables 1, 3/4 and 5, respectively, have different orderings. The problem has partly arisen because his energy levels are neither in the NIST ordering nor in increasing energy, and mainly because he used different sets of wavefuntions for atomic structure (i.e. to determine energy levels and Avalues) and the scattering process, i.e. to calculate Ω and Υ. Therefore, for undertaking a comparison with the Tayal data a careful (re)ordering is required for all his 135 levels, although his results for Υ are only provided up to level 59.
For the most important transition of Fe XIV, i.e. (3s
, our results are shown in Fig.  4 along with those of Tayal (2008) and Liang et al. (2010) . The Υ of Tayal are comparable to our calculations (within ∼20%), but those of Liang et al. are significantly higher (by up to a factor of two), particularly towards the lower end of the temperature range. In fact, at the lowest common temperature of 10 3.593 K, the Υ of Liang et al. differ with our calculations by over 20% for ∼70% of the transitions, and in a majority of cases their results are higher. For some transitions, such as 1 -62/66/70/82/88/91/92/93, their data are greater by over an order of magnitude. Some differences between two calculations are understandable at low temperatures, because of the position of resonances, but not such large discrepancies as noted here. Similarly, at the highest common temperature of 10 6.991 K, the discrepancies between our results and those of Liang et al. are over 20% for ∼46% of the transitions, and as at lower temperatures their Υ values are higher for almost all transitions. Discrepancies of up a factor of 2 are common for many transitions, but are over an order of magnitude for some, such as 1 -94/112/131, 2 -94/132 and 3 -83/106/122. The most likely reasons for such large discrepancies are those stated in section 1, but an error in the version of the code adopted by Liang et al. (2010) cannot be ruled out. Some versions of the R-matrix code are known to contain errors, particularly related to the Breit-Pauli part which accounts for the relativistic effectssee, for example, Aggarwal et al. (2000) who found large differences in R-matrix calculations for transitions in Fe XV, as did Aggarwal & Keenan (2012 In Table 8 , we compare our results of Υ with those of Liang et al. (2010) and Tayal (2008) for transitions among the lowest 10 levels of Fe XIV, at three common temperatures of 1.0×10 6 , 2.0×10 6 and 1.0×10 7 K. For these transitions at these temperatures, all sets of Υ (generally) agree within ∼20%, although the differences are slightly larger for a few, such as 2 -6, 3 -9/10 and 9 -10. Such good agreement among three independent calculations is highly satisfactory and encouraging, but is somewhat contrary to the discussion above. Furthermore, the most relevant temperature for Fe XIV is 2.0×10 6 K, that of maximum abundance in ionisation equilibrium (Bryans et al. 2009) . At this Te the discrepancies are less than 20% between our calculated Υ and those of Tayal (2008) for all transitions. However, this comparison is possible for only 630 transitions ( (i.e. ∼7% of the total), because of the limited data reported by Tayal. Unfortunately, a similar comparison made at this Te with the Υ of Liang et al. (2010) reveals that for about half the transitions there are differences of over 20%, and their results are mostly higher. Therefore, based on the comparisons shown in Table 8 and Fig. 4 and discussed above, we believe that the values of Υ calculated by Liang et al. are overestimated for almost all transitions and at all temperatures. Hence, a re-examination of their results is desirable.
CONCLUSIONS
In this paper we have presented results for energy levels and radiative rates for four types of transitions (E1, E2, M1 and M2) among the lowest 136 levels of Fe XIV. Additionally, lifetimes of all the levels have been reported, although measurements are available for only a few, for which there is good ageeement between theory and experiment. Based on a variety of comparisons, our energy levels are assessed to be accurate to better than 1%, and the results for radiative rates, oscillator strengths, line strengths and lifetimes are assessed to be accurate to better than 20% for a majority of the strong transitions (levels). Similarly, the accuracy of our data for collision strengths and effective collision strengths is estimated to be better than 20% for a majority of transitions. The earlier calculations of Liang et al. (2010) appear to have overestimated the values of Υ for almost all transitions and over an entire range of temperature. We believe the present set of results for radiative and excitation rates are the most complete and reliable to date, and hence should be useful for the modelling of a variety of plasmas. Finally, as Υ is a slowly varying function of Te, corresponding data at any other temperature within the reported range can be easily interpolated, or may be requested from the first author.
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